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© Paste feeding apparatus. 

© The paste feeding apparatus (10) is equipped, 
within a cylindrical container (31) having a paste 
feeding opening (38) at its lower end. with a spiral 
pump composed of a vertical mantletube (60) hav- 
ing a paste inlet (61) and a paste outlet (62), which 
are spacedly formed at lower and upper positions, 
respectively, and a screw shaft (65) provided co- 
axially within the mantle tube; a drive motor (42) 
connected to the screw shaft; and a piston (80) 
moving up and down in an annular space in the 
container. A raking blade (70) which is connected to 
the screw shaft (65) and serves to rake a paste in 
the paste inlet of the mantle tube may be provided. 
The paste feeding apparatus (10) is composed of a 
drive section (20) and a pump-container section (30) 
detachably installed thereto. According to the paste 
feeding apparatus, the kneading of a paste, the 
adjustment of its viscosity and the control of its feed 
rate can be stably achieved with high precision, and 
hence high reliability can be attained. 
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FIELD OF THE INVENTION 

Th present invention relates to a paste feed- 
ing apparatus suitable for use, for example, in 
feeding a pasty ink to a screen printing machine. 

BACKGROUND OF THE INVENTION 

Electric circuit devices are generally fabricated 
by mounting various kinds of circuit elements on a 
chip consisting of a printed circuit board. However, 
a demand for more improving mounting efficiency 
is recently increasing. In order to meet such a 
demand, it is required to print various patterns with 
a soldering paste, pasty resist ink, adhesive paste 
or the like on printed circuit boards with high preci- 
sion and efficiency. In general, screen printing is 
favorably used for printing fine patterns with such a 
paste. In order to satisfactorily perform such screen 
printing, it is necessary to thoroughly knead a 
paste or ink to be fed onto a screen so as to make 
its property uniform, and to certainly carrying out 
the adjustment of its viscosity and the control of its 
feed rate. 

The feed of a paste to a screen printing ma- 
chine has heretofore been carried out manually by 
an operator in most cases. Namely, the operator 
has kneaded the paste by means of a spatula and 
also controlled its viscosity and feed rate on his 
experiential judgment. Recently, there has also 
been proposed a paste feeding apparatus in which 
a paste in a container is extruded from the con- 
tainer by a piston provided on the upper part of the 
container. 

However, the manual feeding of the paste by 
the operator makes it extremely difficult to prac- 
tically effect the kneading of the paste, the adjust- 
ment of its viscosity and the control of its feed rate 
with identical reproducibility at all times. It is there- 
fore impossible to ensure high reliability. On the 
other hand, the conventional paste feeding appara- 
tus serves only to feed a paste mechanically and 
hence involves a problem that it can not substan- 
tially knead the paste and also scarcely conduct 
the adjustment of its viscosity and the control of its 
feed rate. 

The paste feeding apparatus is also accom- 
panied by a problem that although the paste re- 
maining in its container at the time its use has 
been ended must be stored under suitable con- 
ditions, the container portion alone can not be 
received in a refrigerator or the like to store the 
paste because an agitator is integrally incorporated 
in this apparatus. 

SUMMARY OF THE INVENTION 

rt is an object of the present invention to pro- 



vide a paste feeding apparatus by which the 
above-described problems can be solved, the 
kneading of a paste, the adjustment of its viscosity 
and the control of its feed rate can be stably 
5 achieved with high precision, and henc high re- 
liability can be attained. 

It is another object of this invention to provide 
a paste feeding apparatus, which basically permits 
the achievement of the above object, and com- 
w prises a drive section and a pump-container sec- 
tion detachably installed to the drive section and 
removable from the drive section as necessary. 

According to the present invention, there is 
thus provided a paste feeding apparatus compris- 
is ing a vertical cylindrical container; a paste feeding 
opening defined in a lower end of the container; a 
spiral pump composed of a mantle tube vertically 
provided within the container and having a paste 
inlet and a paste outlet, which are spacedly formed 
20 at lower and upper positions, respectively, and 
having an outside diameter smaller than an inside 
diameter of the container, and a screw shaft pro- 
vided coaxially within the mantle tube and having a 
spiral blade or groove; a drive motor provided in 
25 connection with the screw shaft of the spiral pump; 
and a piston moving up and down in an annular 
space about the mantle tube in the container. 

In the paste feeding apparatus according to 
this invention, the container may preferably have a 
30 vertical cylindrical paste-feeding part having a 
smaller diameter at its lower end, in the interior of 
said cylindrical paste-feeding part being formed a 
spiral blade or groove in the same direction as that 
of the screw shaft. 
35 The paste feeding apparatus may preferably 

comprise further a raking blade which is connected 
to the screw shaft to be rotated and serves to rake 
a paste in the paste inlet of the mantle tube. 

The ranking blade may preferably have an 
40 outer blade portion for moving the paste on the 
inside along the radial direction by its rotation and 
an inner blade portion for lifting the paste moved 
on the inside along the radial direction to introduce 
it into the paste inlet. 
45 The paste feeding apparatus may preferably 

comprises a drive section and a pump-container 
section, said pump-container section being com- 
posed of a vertical cylindrical container; a paste 
feeding opening defined in a lower end of the 
so container; a spiral pump composed of a mantle 
tube vertically provided within the container and 
having a paste inlet and a paste outlet, which are 
spacedly formed at lower and upper positions, re- 
spectively, and having an outside diameter smaller 
55 than the inside diameter of the container, and a 
screw shaft provided coaxially within the mantle 
tube and having a spiral blade or groove; and a 
piston moving up and down in an annular space 
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about the mantle tube in the container, and said 
drive section comprising a drive motor detachably 
connected to th screw shaft of the spiral pump 
and a piston-driving source detachably connected 
to the piston. 

According to the paste feeding apparatus of 
the present invention, the paste contained in the 
container can be thoroughly kneaded because it is 
caused to circulate in the container by the spiral 
pump. In addition, the viscosity of the paste can be 
detected by detecting the load of the spiral pump 
through its screw shaft. Therefore, the viscosity of 
the paste can be adjusted by controlling the de- 
gree of kneading according to the resulting viscos- 
ity information. In the case where a raking blade is 
provided on the screw shaft, the paste can be 
surely introduced into the spiral pump by this rak- 
ing blade. The above-described operation can 
hence be performed with certainty. Further, since 
the paste in the container becomes a uniform and 
controlled condition, the feed rate of the paste can 
be accurately controlled. Furthermore, the action of 
the piston makes it possible to stably achieve the 
above-described operation. 

Since the pump-container section may be de- 
tachably installed to the drive section, it is also 
possible to remove the pump-container section 
from the drive section at the time it is out of use to 
store it under suitable conditions, and hence to 
prevent the deterioration of the unused paste re- 
maining in the container. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and ad- 
vantages of the present invention will become ap- 
parent from the following description and the ap- 
pended claims, taken in conjunction with the ac- 
companying drawings, in which: 

FIG. 1 is a cross-sectional view illustrating a 
construction of a paste feeding apparatus ac- 
cording to the first embodiment of this invention; 
FIG. 2 is an elevational view illustrating the 
appearance of the paste feeding apparatus ac- 
cording to the first embodiment of this invention; 
FIGS. 3(A) and 3(B) are a perspective view and 
a side view, respectively, illustrating a raking 
blade in the paste feeding apparatus according 
to the first embodiment of this invention; 
FIG. 4 is a plan view illustrating a cylinder head 
locking plate in the paste feeding apparatus 
according to the first embodiment of this inven- 
tion; 

FIG. 5 is a plan view illustrating a piston locking 
plate and a drive shaft holding member in the 
paste feeding apparatus according to the first 
embodiment of this invention; 
FIG. 6 is a plan view illustrating an intertock- 



releasing button and a supporting plate part in a 
coupling part in the paste feeding apparatus 
according to the first embodiment of this inven- 
tion; 

s FIGS. 7(A) and 7(B) are a cross-sectional view 
and a plan view, respectively, illustrating a rela- 
tionship between a drive shaft holding member 
and a drive shaft in the paste feeding apparatus 
according to the first embodiment of this inven- 

io tion; 

FIG. 8 is a cross-sectional view illustrating a 
state that a piston has been lowered in the paste 
feeding apparatus according to the first embodi- 
ment of this invention; 

rs FIG. 9 illustrates a state that a pump-container 
section has been removed from a drive section 
in the paste feeding apparatus according to the 
first embodiment of this invention; 
FIG. 10 is a cross-sectional view illustrating a 

20 construction of a paste feeding apparatus ac- 
cording to the second embodiment of this inven- 
tion; 

FIG. 11 is a schematic block diagram illustrating 
an exemplary drive control system used in the 
25 paste feeding apparatus according to the sec- 
ond embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
AND PREFERRED EMBODIMENTS 

30 

FIG. 1 is a cross-sectional view illustrating an 
exemplary basic construction of a paste feeding 
apparatus 10 according to the first embodiment of 
the present invention, and FIG. 2 is a view illustrat- 
35 ing the whole appearance thereof. 

This paste feeding apparatus 10 basically com- 
prises a drive section 20 and a pump-container 
section 30. The pump-container section 30 is com- 
posed of a vertical cylindrical container 31 and a 
4o cylindrical coupling part 33 screwed on the outer 
peripheral surface of the upper end of the container 
31 and detachably connected to the drive section 
20. 

A vertical cylindrical paste-feeding part 36 hav- 
45 ing a smaller diameter is integrally formed through 
a conical part 35 at the lower end of the container 
31. A paste feeding opening 38 is defined through 
a bearing holding part 37 at the lower end of the 
cylindrical paste-feeding part 36. In FIG. 2, refer- 
so ence numeral 25 designates a cap provided on the 
cylindrical paste-feeding part 36. 

The drive section 20 has a cylindrical cap part 
40 and is connected to the coupling part 33 at this 
cap part 40 by a detachable interlocking mecha- 
55 nism which will be described subsequently. On a 
top plate 41 of the cap part 40, are disposed a 
drive motor 42 and air cylinders 43 for driving a 
piston described below. A drive shaft 50 vertically 
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extending in the container 31 along a center axis 
thereof and rotatably supported at its lower end on 
a bearing 45 provided in the bearing holding part 
37 of the container 31 is provided. The upper end 
of the drive shaft 50 is connected to the driv 
motor 42 through a coupling 46 detachably pro- 
vided. 

The coupling section 33 integrally has a sup- 
porting plate part 55 to the center of which a 
support column 56 having a through-hole through 
which the drive shaft 50 is inserted is fixed so as to 
extend downward. The lower end of the support 
column 56 is connected through a connecting 
sleeve 57 to the upper end of a mantle tube 60 
having an outside diameter smaller than an inside 
diameter of the container 31 . The lower end of the 
mantle tube 60, which is situated within the conical 
part 35 of the container 31 , is opened to define a 
paste inlet 61 . Moreover, a paste outlet 62 is de- 
fined at the upper end of the mantle tube 60 by 
cutting a hole through a peripheral wall of the 
mantle tube 60. A scraping member 68 composed 
of an annular elastic material is provided at the 
lower end of the connecting sleeve 57 so as to 
close the paste outlet 62 at the time it is bent 
downward. 

In FIG. 1, reference numeral 58 indicates a 
sliding sleeve which is vertically movably provided 
in a space between the outer peripheral surfaces of 
the support column 56 and connecting sleeve 57 
and the inner peripheral surface of a piston 80 
described below. A bottom edge of this sliding 
sleeve 58 is engaged with an inwardly protrudent 
edge of the piston 80. The sliding sleeve 58 is 
always biased downward by a large-expanded coil 
spring 59 interposed between the supporting plate 
part 55 and the bottom edge of the sliding sleeve 
58. 

The drive shaft 50 is inserted through the sup- 
port column 56, the connecting sleeve 57 and the 
mantle tube 60. In the region of the mantle tube 60, 
a screw shaft 65 having a spiral blade 64 is fixed 
around the outer periphery of the drive shaft 50, 
and a spiral pump for circulating the paste is con- 
structed by the mantle tube 60 having the paste 
inlet 61 and the paste outlet 62, and the screw 
shaft 65. 

At a position downward from the paste inlet 61 
situated at the lower end of the mantle tube 60, a 
raking blade 70 is provided on the drive shaft 50 so 
as to rotate along with the shaft 50 within the 
conical part 35 of the container 31 . In FIGS. 3(A) 
and 3(B), an exemplary raking blade 70 suitable for 
use in this invention is illustrated. The raking blade 
70 in this embodiment is composed of a cylindrical 
base part 71 fixed to the drive shaft 50 and a blade 
part 72 provided on the outer peripheral surface of 
the base part 71 and formed of a sheet-like ma- 



terial. 

The blade part 72 is composed of an inner part 
73 for dipping up the paste, which extends radially 
on the outside from the base part 71 and obliquely 
5 in its rotational direction as it comes down, an 
intermediate part 74, an outer part 75 for taking in 
the paste, which is formed integrally with the inner 
part 73 through the intermediate part 74 and ex- 
tends in its rotational direction along the tangential 
10 direction, and a tip part 76 for pushing down the 
paste, which extends radially on the outside and 
obliquely in a direction opposite to its rotational 
direction as it comes down. 

On a further lower portion of the drive shaft 50, 
75 a spiral blade 67 in the same direction as that of 
the spiral blade 64 is fixedly provided so as to 
rotate along with the shaft 50 within the cylindrical 
paste-feeding part 36 of the container 31. This 
constructs a paste feeding section. 
20 Within the container 31 is provided the piston 

80 which moves up and down in an annular space 
defined between the mantle tube 60 and the con- 
tainer 31 in a state substantially fitted on the outer 
peripheral surface of the mantle tube 60. A cylinder 
25 head locking plate 81 is fixed to the top surface of 
the piston 80. This cylinder head locking plate 81 
has interlocking holes 83 through which their cor- 
responding rod-like cylinder heads 82 extending 
downward from the air cylinders 43 are inserted to 
30 detachably engage them with the cylinder head 
locking plate 81 . 

Described specifically, each of the cylinder 
heads 82, which separately extend from the sup- 
porting plate part 55 through arcuate through-holes 
35 85 cut in the supporting plate part 55, has an 
annular groove 82A formed in the outer periphery 
of its lower end. As illustrated in FIG. 4, the inter- 
locking holes 83 each have a configuration with a 
large-diameter area 83A having an inside diameter 
40 larger than an outside diameter of the cylinder 
head 82 and a small-diameter area 83B having an 
inside diameter smaller than the outside diameter 
of the cylinder head 82 but fit for the shaft part, in 
which the annular groove 82A has been formed, 
45 defined continuously in a circumferential direction. 
Therefore, in an uninterlocked state that each cyl- 
inder head 82 is situated in the large-diameter area 
83A, the cylinder head 82 can be moved up and 
down relative to the cylinder head locking plate 81 . 
so On the other hand, in an interlocked state that the 
cylinder head 82 is situated in the small-diameter 
area 83B, the annular groove 82A in the cylinder 
head 82 is fitted on the cylinder head locking plate 
81, whereby both cylinder head 82 and cylinder 
55 head locking plate 81 are integrally connected to 
each other. When the cylinder head 82 is in the 
interlocked state, its lower end surface comes into 
contact with an upper surface 80A of an outer 
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peripheral edge of the piston 80. 

Further, piston locking pins 90 each having an 
annular groove 90A at outer periph ries of their 
upper ends, are fixed to the upper surface of the 
piston 80 so as to project upward. As also illus- 
trated in FIG. 6, pin-passing holes 92 fit for the 
outside diameter of the piston locking pin 90 are 
defined in the supporting plate part 55 of the cou- 
pling part 33. Each of the piston locking pins 90 is 
inserted in the supporting plate part 55 through this 
pin-passing hole 92. A piston locking plate 91 is 
rotatably provided on the supporting plate part 55. 
As illustrated in FIG. 5, interlocking holes 93 adapt- 
ed to detachably engage with the piston locking 
pins 90 are defined in this piston locking plate 91 . 

Described specifically, each of the interlocking 
holes 93 has a configuration with a large-diameter 
area 93A having an inside diameter larger than an 
outside diameter of the piston locking pin 90 and a 
small-diameter area 93B having an inside diameter 
smaller than the outside diameter of the piston 
locking pin 90 but fit for the shaft part, in which the 
annular groove 90A has been formed, defined con- 
tinuously in a circumferential direction. Therefore, 
in an uninterlocked state (a state illustrated in FIG. 
5) that each piston locking pin 90 is situated in the 
large-diameter area 93A of the interlocking hole 93, 
the piston locking pin 90 can be moved up and 
down relative to the piston locking plate 91 . On the 
other hand, in an interlocked state that the piston 
locking pin 90 is situated in the small-diameter area 
93B, the annular groove 90A in the piston locking 
pin 90 is fitted on the piston locking plate 91, 
whereby both piston locking pin 90 and piston 
locking plate 91 are integrally connected to each 
other. 

In the above description, the interlocking holes 
83 in the cylinder head locking plate 81 form a pair 
with their corresponding interlocking holes 93 in the 
piston locking plate 91 at intended positions in a 
radial direction. When the cylinder heads 82 are in 
an interlocked state relative to the cylinder locking 
plate 81, the piston locking pins 90 are in an 
uninterlocked state relative to the piston locking 
plate 91. 

A cylindrical upper portion of the coupling part 
33 is slidably fitted in the cylindrical cap part 40 of 
the drive section 20 along the inner surface of its 
peripheral wall. In order to remove the coupling 
part 33 from the drive section 20, the coupling part 
is provided with a guiding mechanism (not illus- 
trated) which permits the movement of the coupling 
part 33 in a circumferential direction relative to the 
drive section 20 and then its downward movement 
in an axial direction. Guide mechanisms of various 
types may be used as this guide mechanism. For 
example, this mechanism is made up of a protrud- 
ing pin and a guide groove for guiding this protrud- 



ing pin. As illustrated in FIG. 6, the supporting plate 
part 55 in the coupling part 33 is provided with a 
protruding piece 102 which is inserted in a through- 
hole 100 defined in the cap part 40 in the driv 

5 section by the elastic action of a spring 101 to 
engage with the through-hole 100. Moreover, on 
the outer peripheral surface of the cap part 40, 
there is provided an interlock-releasing button 103 
which serves to force the protruding piece 102 

w down against the spring 101 to release the engage- 
ment of the protruding piece 102 with the through- 
hole 100. 

As also illustrated in FIG. 5, a drive shaft hold- 
ing member 95 is further provided on the piston 

75 locking plate 91. This drive shaft holding member 
95 is omitted in FIGS. 1 and 8. The drive shaft 
holding member 95 has the function of preventing 
the drive shaft 50 from falling off upon the removal 
of the coupling part 33 from the drive section 20. 

20 Described specifically, the drive shaft holding 

member 95 is supported movably in a vertical 
direction in FIG. 5 by long holes 98 defined in the 
drive shaft holding member 95 and guide pins 99 
formed on the supporting plate part 55 and in- 

25 serted in their corresponding long holes 98. The 
drive shaft holding member 95 is always biased by 
the above-described spring 101 in a state shifted 
downward as illustrated in FIG. 5. 

As illustrated on an enlarged scale in FIGS. 7- 

30 (A) and 7(B), an annular groove 50A is formed in 
the outer periphery of the drive shaft 50 at a 
position just below its upper end connected to the 
coupling 46. Besides, an interlocking hole 96, 
through which the drive shaft 50 is inserted to 

35 detachably engage it with the drive shaft holding 
member 95, is defined in the center of the drive 
shaft holding member 95. This interlocking hole 96 
has a configuration with a large-diameter area 96A 
having an inside diameter larger than an outside 

40 diameter of the drive shaft 50 and a small-diameter 
area 96B having an inside diameter smaller than 
the outside diameter of the drive shaft 50 but fit for 
the shaft part 50B, in which the annular groove 50A 
has been formed, defined continuously in a vertical 

45 direction in a state that the large-diameter area 96A 
is situated downward in FIG. 7(B). 

Therefore, in an interlocked state that the drive 
shaft holding member 95 is moved downward by 
the action of the spring 101 as shown in FIG. 5 and 

so the shaft part 50B of the drive shaft 50 is situated 
in the small-diameter area 96B, the drive shaft 50 
is held by the drive shaft holding member 95, 
thereby preventing the drive shaft 50 from falling 
off. 

55 In order to release the engagement of the drive 

shaft 50 with the drive shaft holding member 95, it 
is only necessary to shift the drive shaft holding 
member 95 upward against the spring 101, for 
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example, by fingers, in a state that the coupling 
part 33 has been separated from the drive section 
20 as described below. In the disengaged state, 
the drive shaft holding member 95 is moved up- 
ward as shown in FIG. 7(B), so that the drive shaft 
50 becomes an un interlocked state that it is situ- 
ated in the large-diameter area 96A of the inter- 
locking hole 96, and is hence made movable rela- 
tiv to the drive shaft holding member 95. 

As illustrated in FIG. 5, a spring 110 is pro- 
vided on the drive shaft holding member 95. By 
this spring 110, the piston locking plate 91 is 
biased in a rotational direction (counter-clockwise 
direction in the drawing) interlocking with the piston 
locking pins 90. However, engaging parts 112 inter- 
locking with their corresponding cylinder heads 82 
in the rotational direction are formed on both ends 
of the piston locking plate 91. In the state illus- 
trated in FIG. 5, the piston locking plate 91 is 
therefore in an unintertocked state relative to the 
piston locking pins 90 against the spring 110 by 
their engagement. 

The paste feeding apparatus 10 composed of 
the above-described components is operated in the 
following manner. Namely, in a using condition in 
which the pump-container section 30 has been 
connected to the drive section 20 as illustrated in 
FIG. 1, the cylinder head locking plate 81 in the 
coupling part 33 is in an interlocked state relative 
to the cylinder heads 82 of the air cylinders 43, 
and at the same time, the piston locking pins 90 
are in an uninterlocked state relative to the piston 
locking plate 91 . 

In this condition, a paste to be fed is charged 
in the container 31, and the drive shaft 50 is 
rotated on its axis through the coupling 46 by the 
drive motor 42, whereby the screw shaft 65 is 
normally rotated. As a result, the paste in the 
mantle tube 60 is moved upward by the operation 
of the spiral blade 64 on the screw shaft 65, 
whereby the paste in the container 31 is introduced 
into the mantle tube 64 from its paste inlet 61, 
lifted up in the mantle tube 60 and then discharged 
in the container 31 from the paste outlet 62 situ- 
ated at the upper position. Namely, the paste in the 
container 31 is circulated by the normally rotating 
operation of the spiral pump, and is kneaded by 
continuously conducting such normally rotating op- 
eration of the spiral pump. It is therefore possible 
to keep the paste uniform. 

The drive shaft 50 is provided with the raking 
blade 70 at a position below the paste inlet 61 of 
the mantle tube 60. The rotation of this raking 
blade 70 makes the paste in the container 31 
pushed down by the action of the tip part 76 of the 
blade part 72 for pushing down the paste, raked up 
inside by the action of its outer part 75 for taking in 
the paste and then dipped up upward by its inner 



part 73 for dipping up the paste. Accordingly, the 
paste is positively guided to the paste inlet 61 of 
the mantle tube 60 and introduced into the mantle 
tube 60. As a result, since the paste is surely fed 

5 to the spiral pump, the kneading of th paste as 
described above can be surely achieved with sat- 
isfactorily high efficiency. 

While the spiral pump is normally operated as 
described above, in the inside of the cylindrical 

io paste-feeding part 36, the spiral blade 67 in the 
same direction as that of the spiral blade 64 is 
operated in a direction lifting up the paste in the 
same manner as described above. Therefore, the 
paste is not leaked out of the paste feeding open- 

75 ing 38 due to its gravity. 

When the drive shaft 50 for driving the spiral 
pump is provided with a torque meter for detecting 
its load, a detection torque signal of a magnitude 
according to a load applied to the screw shaft 65 is 

20 obtained from this torque meter. This signal is a 
signal according to the viscosity of the paste in the 
mantle tube 60. It is therefore possible to detect 
the viscosity of the paste in the container 31 by 
this detection torque signal. When the rotational 

25 speed of the screw shaft 65 is made high by way 
of example, the shearing force acting on the paste 
becomes great and the temperature of the paste 
rises, so that the viscosity of the paste becomes 
lowered. It is therefore possible to adjust the vis- 

30 cosity of the paste in the container 31 by control- 
ling the rotational speed of the drive motor 42 and 
the like by a drive control system according to the 
detection torque signal. 

When a heating/cooling mechanism for the 

35 paste in the container 31 is further provided, it is 
possible to control the temperature of the paste as 
an independent factor by controlling the operation 
of the heating/cooling mechanism in addition to the 
adjustment of the viscosity by the control of the 

40 drive motor 42, so that the viscosity of the paste in 
the container 31 can be adjusted extremely effi- 
ciently. 

Further, the paste in the container 31. which 
has been subjected to the kneading and adjust- 

45 ment of viscosity as described above, can be fed 
by turning the rotating direction of the drive motor 
42 to reversely operate the spiral pump. As a 
result, the paste in the mantle tube 60 is moved 
downward, and the paste in the container 31 is 

so moved into the cylindrical paste-feeding part 36 
and extruded through the paste feeding opening 38 
by the action of the spiral blade 67. At this time, 
the piston 80 is lowered as described below to 
push down the paste, whereby the paste in an 

55 amount corresponding to the amount of the paste 
discharged from the paste feeding opening 38 can 
be pushed down. As a result, it is possible to carry 
out the feeding of the paste extremely smoothly 
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and efficiently. 

Since the amount of the paste fed through the 
paste feeding opening 38 by the revers operation 
of the spiral pump as described above corresponds 
to the number or time of revolution of the spiral 
blade 67 in the paste feeding part, it is possible to 
control the amount of the paste to be fed through 
the paste feeding opening 38 with very high preci- 
sion by controlling the reverse operation of the 
spiral blade 67, i.e., controlling the operation of the 
drive motor 42. 

The amount of the paste remaining in the con- 
tainer 31 is decreased due to the feed of the paste 
as described above. Since the paste is not very 
high in flowability and has high adhesion, a part of 
the paste however remains adhered to the inner 
wall surface of the container 31. Further, air may 
be entrained in the paste situated uppermost in the 
container 31 in some cases. These phenomena 
make it impossible not only to feed the whole paste 
in the container 31 but also to satisfactorily effect 
the above-described kneading of the paste, the 
adjustment of its viscosity and the control of its 
feed rate. 

Since the piston 80 is provided within the con- 
tainer 31, the above-described phenomena can 
however be solved by operating this piston. Name- 
ly, the air cylinders 43 are driven to elongate the 
cylinder heads 82 downward. As a result, the pis- 
ton 80 is forced down by the cylinder heads 82 as 
illustrated in FIG. 8, and hence moved downward in 
the container 31. At this time, the cylinder heads 
82 are in an interlocked state relative to the cyl- 
inder head locking plate 81, and its lower end 
surface comes into contact with an upper surface 
80A of an outer peripheral edge of the piston 80. 
The piston 80 is hence subjected to lowering force 
by the cylinder heads 82. On the other hand, the 
piston locking pins 90 are in an uninteiiocked state 
relative to the piston locking plate 91, and hence 
pass through the interlocking holes 93 in the piston 
locking plate 91 and the pin-passing holes 92 in 
the supporting plate part 55 as the piston 80 is 
lowered. 

When the piston 80 is lowered, the sliding 
sleeve 58 is lowered together with the piston 80 
along the outer peripheries of the support column 
56 and connecting sleeve 57 by the action of the 
large-expanded coil spring 59, so that the periph- 
eral edge of the scraping member 68 provided at 
the lower end of the connecting sleeve 57 is bent 
downward to close the paste outlet 62 thereafter. At 
this time, the paste situated near the paste outlet 
62 is scraped by the scraping member 68 and the 
sliding sleeve 58 closes the paste outlet 62. It is 
hence possible to prevent the paste from leaking 
out above the piston 80 even when the piston 80 is 
moved down below the paste outlet 62. 



As described above, the lowering of the piston 
80 permits scraping of the paste adhered to the 
inn r wall surface of the container 31 and moreover 
collapse of air bubbles entrained in the past . As 

5 d scribed above, it is possible to surely achieve 
the kneading of the paste in the container 31, the 
adjustment of its viscosity and the control of its 
feed rate owing to the action of the piston 80. 

In this paste feeding apparatus 10, ft is also 

w possible to separate the drive section 20 and the 
pump-container section 30 from each other. When 
the use of the paste-feeding apparatus 10 is sus- 
pended, the pump-container section 30 can be 
separated from the drive section 20 as illustrated in 

75 FIG. 9. This allows the pump-container section 30 
alone to store in a low-temperature atmosphere, for 
example, a refrigerator or the like. It is hence 
possible to prevent the deterioration of the unused 
paste remaining in the container 31 . 

20 Described specifically, the interlock-releasing 

button 103 is pushed down against the spring 101 
to release the engagement of the protruding piece 
102 with the through-hole 100, so that the coupling 
part 33 becomes tumable relative to the cap part 

25 40 of the drive section 20. 

The coupling part 33 can then be turned to 
make the pump-container section 30 a removable 
state. Namely, when the coupling part 33 is turned 
in a release direction (clockwise direction in FIG. 6) 

30 by a predetermined angle relative to the drive 
section 20, the interlocking holes 83 in the cylinder 
head locking plate 81 are shifted to an uninterloc- 
ked position relative to the cylinder heads 82, and 
at the same time, since the piston locking pins 90 

35 are inserted through the pin-passing holes 92 in the 
supporting plate part 55, the piston 80 is turned 
together with the coupling part 33 through these 
interlocking. At this time, the cylinder heads 82 are 
relatively moved in the arcuate through-holes 85 in 

40 the supporting plate part 55. As a result, the en- 
gaging parts 112 of the piston locking plate 91 
become disengaged from the cylinder heads 82. 
However, the free piston locking plate 91 is in fact 
shifted in a counter-clockwise direction by the ac- 

45 tion of the spring 110, so that the interlocking holes 
93 in the piston locking plate 91 becomes an 
interlocked state relative to the piston locking pins 
90. 

In consequence, all the components other than 
so those belonging to the drive section 20 become 
supported on the coupling part 33 through the 
supporting plate part 55. Therefore, the pump-con- 
tainer section 30 can be separated from the drive 
section 20 by releasing the connection of the drive 
55 shaft 50 through the coupling 46. 

Incidentally, the connection of the drive motor 
42 with the drive shaft 50 through the coupling 46 
can be detachably performed with ease by any 



7 



13 



EP 0 514 770 A1 



14 



suitable connecting mechanisms of various types. 
For example, the hole in the coupling 46 may be 
design d in th form of a square hole, and th 
upper nd of the drive shaft 50 may be shaped in 
the form of a square pillar. 

In the above-described embodiment, it is fur* 
ther possible to remove the container 31 from the 
coupling part 33. For example, if the container 31 
is emptied by discharging the whole paste con- 
tained therein, such a container 31 may therefore 
be removed from the coupling part 33 to install a 
new container 31 filled with the paste to the cou- 
pling part 33. It is also possible to conduct the 
cleaning of the spiral pump portion and the like 
with ease. 

In the above-described paste feeding appara- 
tus 10, it is also possible to use a motor-driven 
piston as a drive source for driving the piston 
without recourse to the air cylinders. Further, it 
goes without saying that in order to detachably 
install the pump-container section to the drive sec- 
tion, other mechanisms of various types may be 
used. 

FIG. 10 is a cross-sectional view illustrating an 
exemplary basic construction of a paste feeding 
apparatus 210 according to the second embodi- 
m nt of the present invention. This paste feeding 
apparatus 210 is equipped with a cylindrical con- 
tainer 21 1 . This container 21 1 basically comprises 
a cylindrical container body 212 provided so as to 
vertically extend and an upper cover 213 airtightly 
connected to an upper part of the container body 
212 and having the same inside diameter as that of 
the container body 212. A vertical cylindrical paste- 
feeding part 21 5 having a smaller diameter is integ- 
rally formed through a conical part 214 at the lower 
end of the container body 212. A paste feeding 
opening 216 is defined at the lower end of the 
cylindrical paste-feeding part 215. On the upper 
cover 213 on the container body 212. is disposed a 
drive motor 217 having a torque meter (not illus- 
trated) and are provided a pair of air connectors 
218, 219. 

In the container 21 1 is disposed a mantle tube 
220 having an outside diameter smaller than an 
inside diameter of the container 31 and fixed to the 
upper cover 213 at its upper end. A cylindrical 
lower open end part of a lower part 221 of the 
mantle tube 220, said lower part 221 being situated 
within the container body 212, is fitted into a cylin- 
drical lower end part of the conical part 214 of the 
container body 212, and is communicated through 
its opening 222 with the cylindrical paste-feeding 
part 215. A paste inlet 223 is defined by a hole 
passing through the peripheral wall of the mantle 
tube 220 at a lower end of the lower part 221 of the 
mantle tube 220. Moreover, a paste outlet 224 is 
defined by the same through-hole as described 



above at an upper end of the lower part 221. A 
spiral pump 226 is constructed by th lower part 

221 of this mantle tube 220 and a screw shaft 225 
coaxially provided in th interior thereof. 

s Hi screw shaft 225 compris s a spiral blade 

228 fixed around a rotating shaft 227 which verti- 
cally extends. A spiral groove 229 is defined by a 
space between crests of the spiral blade 228. An 
upper part of the rotating shaft 227 relating to this 

10 screw shaft 225 is rotatably supported by a bearing 
mechanism 231 provided within an upper part 230 
of the mantle tube 220, and its upper end is 
connected through a connecting mechanism 232 to 
a drive shaft 233 of the drive motor 217 disposed 

is on the upper cover 213 on the container 211 . 

On the other hand, a lower part of the rotating 
shaft 227 is protruded downward from the opening 

222 of the mantle tube 220 and is situated in the 
cylindrical paste-feeding part 215 of the container 

20 body 212, and a spiral blade 241 in the same 
direction as that of the spiral blade 228 is provided 
thereon. This constructs a paste feeding section 
240. 

Within the container 211 is provided an air 

25 piston 250 which moves up and down in an annular 
space defined between the mantle tube 220 and 
the container 211 in a state fitted on the outer 
peripheral surface of the mantle tube 220. This air 
piston 250 comprises a central part 251 having a 

30 conical bottom surface fit for the conical part 214 
situated at the lower end of the container body 212 
and an outer peripheral edge part 252 which per- 
mits the movement of the piston along the inner 
peripheral surface of the container 211. 

35 An air tube 255 which extends from one 218 of 

the pair of air connectors 21 8, 219 is connected to 
a through-hole 253 defined in the central part 251 
of the air piston 250 and opened to a lower area S1 
of the annular space. This air tube 255 has a length 

ao enough to permit the lowering of the air piston 250. 
When the air piston 250 is lifted as illustrated in 
FIG. 10, the excess portion of the air tube 255 is 
received in an upper area S2 of the annular space, 
which is above the air piston 255. The other air 

4S connector 219 is communicated with this upper 
area S2. 

A drive control system having a function of 
receiving a detection torque signal from the torque 
meter provided on the drive motor 217 to control 

so the rotation of the drive motor 21 7 according to this 
signal is provided. FIG. 11 illustrates an exemplary 
construction of the drive control system. The drive 
control system in this example comprises a drive 
control section 260, a display section 262, an in- 

55 dication setting section 263, a power source sec- 
tion (not illustrated) and a compressed air control 
section 266. The drive control section 260 com- 
prises a central process control part 271, a drive 
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motor control part 272 and an electric current de- 
tection part 273. The drive motor 217 is driven 
according to a drive signal DS from the drive motor 
control part 272, and at the same time, a detection 
torque signal TS from the torque meter provided 5 
on the drive motor 217 is fed back as a control 
signal to the drive motor control part 272. 

The display section 262 is provided with, for 
example, a preparedness displaying mechanism 
275 for indicating that the paste feeding apparatus w 
is ready for operation, a paste-deficiency display- 
ing mechanism 276 for indicating that the amount 
of the paste in the container 211 is insufficient, a 
viscosity displaying mechanism 277 for indicating 
the viscosity of the paste, etc. The indication set- 15 
ting section 263 is provided with a viscosity setting 
part 280, an initial feed setting part 281 for the 
paste and an operational-condition changing part 
282 for changing over its automatic-manual con- 
ditions, a steady feed setting part 283 and an 20 
operational-condition changing part 284 for chang- 
ing over its automatic-manual conditions, etc. 

The compressed air control section 266 has a 
compressed air source 286 and a change-over 
valve 287. One of the air connectors 218, 219 in 25 
the paste feeding apparatus 210 is connected to 
the compressed air source 286 through the 
change-over valve 287 by means of a change-over 
valve control part 285, which is operated in accor- 
dance with a control signal from the central pro- 30 
cess control part 271 in the drive control section 
260 and moreover, the other air connector is caus- 
d to communicate with the atmosphere. It is pref- 
erable to interpose an air filter, a regulator, a pres- 
sure indicator, etc. in a compressed air passage 35 
ranging from the compressed air source 286 to the 
change-over valve 287 as necessary. 

In the embodiment illustrated in FIG. 10, the 
container body 212 is made of, for example, a 
resin and is provided with a container body holding 40 
cover 290 made of a metal, which is detachably 
fixed to the upper cover 21 3 to ensure the installa- 
tion of the container body 212. 

The paste feeding apparatus 210 composed of 
the above-described components is basically op- 45 
erated in the same manner as described in the first 
embodiment. Namely, the paste in the container 
body 212 is circulated by the normally rotating 
operation of the spiral pump 226, and is kneaded 
by continuously conducting such normally rotating so 
operation of the spiral pump 226. It is therefore 
possible to keep the paste uniform. 

In this second embodiment, the air piston 250 
is provided within the container 211. When com- 
pressed air is introduced in the upper area S2 of 65 
the annular space, which is above the upper part of 
the air piston 250, through the air connector 219, 
the air piston 250 is lowered. At this time, since the 



outer peripheral edge part 252 is moved along the 
inner peripheral surface of the container 211. th 
paste adhered thereon is scraped off and more- 
over, air bubbles entrained in the paste is col- 
lapsed owing to th shock applied to the upper 
surface of the paste. As described above, it is 
possible to surely achieve the kneading of the 
paste in the container body 212, the adjustment of 
its viscosity and the control of its feed rate owing 
to the action of the piston 250. 

Since the air within the lower area SI of the 
annular space is discharged into the atmosphere 
by way of the air tube 255 through the through-hole 
253 defined in the air piston 250 when the air 
piston 250 is lowered, it is preferred that a ball 
valve or the like is provided in the through-hole 253 
so as to prevent its blocking by the paste. To the 
contrary, when the air piston 250 is lifted, com- 
pressed air is introduced into the lower area S1 of 
the annular space, and the air within the upper area 
S2 is discharged into the atmosphere. 

Further, since the lower surface of the central 
part 251 of the air piston 250 is in a conical form fit 
for the conical part 21 4 situated at the lower end of 
the container body 212, the paste in the container 
body 212 can be completely discharged to easily 
empty the container body 212. Incidentally, it is 
preferable to prepare a cap for closing the paste 
feeding opening 216 when making no use of the 
apparatus. By the way. a motor-driven piston may 
be used instead of the air piston. 

In order to charge the paste into the container 
body 212, it is only necessary to do, for example, 
in the following manner. Namely, a packaging con- 
tainer in the same form as the container body 212 
separated alone is provided to fill it with a paste 
and then seal it hermetically. This container is then 
installed to the paste feeding apparatus 210 from 
which the container body 212 is removed. There- 
after, the container body holding cover 290 is at- 
tached to the upper cover 213. It is preferable to 
leave the spiral pump 226 normally rotated during 
the operation of installing the container body 212 
filled with the paste. 

Although the present invention has been de- 
scribed as to the preferred embodiments, various 
variations can be made in this invention. For exam- 
ple, in order to feed the paste through the paste 
feeding opening, the piston may be lowered with- 
out recourse to the reveise operation of the spiral 
pump. In this case, the precision of the control with 
respect to the feed rate of the paste is somewhat 
lowered. However, this suffices in the case where 
no rigid control is required. 

Claims 

1. A paste feeding apparatus comprising a verti- 
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cal cylindrical container; a paste feeding open- 
ing defined in a lower end of the container; a 
spiral pump composed of a mantle tube verti- 
cally provided within the container and having 
a past inlet and a paste outlet, which ar s 
spacedly formed at lower and upper positions, 
respectively, and having an outside diameter 
smaller than an inside diameter of the con- 
tainer, and a screw shaft provided coaxially 
within the mantle tube and having a spiral io 
blade or groove; a drive motor provided in 
connection with the screw shaft of the spiral 
pump; and a piston moving up and down in an 
annular space about the mantle tube in the 
container. is 

2. The paste feeding apparatus as claimed in 
claim 1, wherein the container has a vertical 
cylindrical paste-feeding part having a smaller 
diameter at its lower end, in the interior of said 20 
cylindrical paste-feeding part being formed a 
spiral blade or groove in the same direction as 
that of the screw shaft. 



tainer and having a paste inlet and a paste 
outlet, which ar spacedly formed at lower and 
upper positions, respectively, and having an 
outside diameter smaller than the insid diam- 
eter of the container, and a scr w shaft pro- 
vided coaxially within the mantle tube and hav- 
ing a spiral blade or groove; and a piston 
moving up and down in an annular space 
about the mantle tube in the container, and 

said drive section comprising a drive mo- 
tor detachably connected to the screw shaft of 
the spiral pump and a piston-driving source 
detachably connected to the piston. 

9. The paste feeding apparatus as claimed in 
claim 8, which comprises further a raking 
blade which is connected to the screw shaft to 
be rotated and serves to rake a paste in the 
paste inlet of the mantle tube. 

. 10. The paste feeding apparatus as claimed in 
claim 8 or 9, wherein the piston is driven by an 
air cylinder. 



a The paste feeding apparatus as claimed in 25 
claim 1 or 2, which comprises further a raking 
blade which is connected to the screw shaft to 
be rotated and serves to rake a paste in the 
paste inlet of the mantle tube. 

30 

4. The paste feeding apparatus as claimed in 
claim 3, wherein the ranking blade has an 
outer blade portion for moving the paste on the 
inside along the radial direction by its rotation 
and an inner blade portion for lifting the paste 35 
moved on the inside along the radial direction 
to introduce it into the paste inlet. 



5. The paste feeding apparatus as claimed in any 

one of claims 1-3, wherein the drive motor is 40 
provided with a torque sensor. 



6. The paste feeding apparatus as claimed in any 
one of claims 1-3, wherein the piston is driven 
by an air cylinder or a motor-driven piston. 45 



7. The paste feeding apparatus as claimed in any 
one of claims 1-3. wherein the piston makes 
up an air piston or a motor-driven piston. 

so 

a The paste feeding apparatus as claimed in 
claim 1 , which comprises a drive section and a 
pump-container section, 

said pump-container section being com- 
posed of a vertical cylindrical container; a 55 
paste feeding opening defined in a lower end 
of the container; a spiral pump composed of a 
mantle tube vertically provided within the con- 
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